The decision of how to accomplish the installation or repair of a buried pipe in an urban environment involves tangible and intangible parameters. This paper outlines the development and implementation of comprehensive, yet straightforward and easy to use interactive software for the evaluation of alternative construction methods that can be employed in the installation or replacement of buried pipes and conduits. The software emphasizes simplicity and practicality, and limits input data to those readily available to utility engineers at the design stage of the project. The program takes into account extensive performance data for 20 new construction methods and 6 in-line replacement methods commonly used in utility projects, and was designed to raise awareness and provide guidance to the utilization of trenchless technology methods across the buried utilities arena. This paper focus on the validation phase of the model development, reporting the results of a comparison of the model's predictions with the out come of five case histories, which cover a wide range of project requirements, soil conditions and environmental constraints.
Background
This project was commissioned by the National Utility Contractors Association (NUCA) Trenchless Technology Sub-Committee and is intended to be a companion to NUCA's Trenchless Construction and Rehabilitation Methods Manual (4th Edition). The program, titled TAG (Trenchless Assessment Guide), was designed as stand-alone software to assist municipal and utility engineers in evaluating the technical feasibility of various traditional open cut, trenchless construction, and inline replacement methods for a specific project. TAG is compatible with Microsoft operating platforms such as Windows XP and Windows 2000. The program relies on an extensive built-in database containing performance data for 26 construction methods commonly used in utility projects.
The objective of this project was to develop and codify an algorithm that accomplish the following: a) perform a sound technical evaluation as a screening measure to eliminate incompatible construction methods; b) evaluate and quantify the overall perceived risk associated with the competing alternatives; and, c) raise awareness and provide guidance to the utilization of trenchless technology methods.
Method Database
The relational method databases contain a plethora of information about each construction method. The general method information section includes a detailed description, a color picture and the expected environmental impact and extent of excavation (continuous vs. access/receiving pits only). The databases also contain information about the method's technical capabilities, which includes the maximum and minimum pipe diameters, drive lengths and allowable depths of cover. The databases also contain pipe compatibility information for ten commonly used pipe materials, soil compatibility information for ten types of geological materials and ground water table limitations.
The relational method database contains information about 26 construction methods, including 18 trenchless methods for placement of a new pipe, six of which are inline replacement methods, and two open cut methods. The construction method database is updatable, customizable and expandable. The user can easily add new methods or pipe materials, and update the capabilities of existing methods as technology develops and new innovations are introduced into the trenchless market. Changes can be made directly from the construction method database forms by inputting new values and pressing the 'Update' button. The database can also be expanded from the Microsoft Access database file. Thus, the software is expected to remain a 'living application' for a prolonged period of time. Figure 1 shows a sample method database form for track type Auger Boring from TAG. 
Technical Evaluation
The technical evaluation begins by defining the type of problem the user is facing. It is believed that all buried pipe problems can be reduced to either a structural problem or a capacity problem. TAG incorporates a built in wizard, which is based on a series of interactive questions presented to the user. Based on the user's answers, certain categories of construction methods might be eliminated. Figure 2 shows one of the wizard's forms which contain a set of interactive questions for a capacity problem. The next step in the technical evaluation is the input of the project specific data. Four categories of information are input during this stage. The first category includes project specific parameters such as drive length, pipe diameter, depth of cover and elevation of the ground water table, shown in Figure 3 . Also included in the input are the anticipated degree of accuracy of alignment and profile, which are defined in the TAG user's manual (NUCA, 2006) . The second category of information is the material of the new pipe and the user is asked to select from a list of ten commonly used pipe materials. The third category of user input consists of soil compatibility parameters, in which the classification and extent of dominant soil type(s) along the proposed alignment are identified. The final category of user specified information is related to the viability of inline replacement options, specifically the extent of over sizing, material type of the host pipe and the presence/absence of excessive sagging.
Risk Analysis
Following the technical evaluation stage, methods that were deemed technically suitable for the project are then reevaluated for the relative level of risk associated with four different categories of risk. The first category is the installation parameters: drive length, pipe diameter and depth of cover. In this category the project specific values are compared to the limits of each of the remaining construction methods. This comparison results in a percentage which is then assigned a risk level based on the percentage ranges shown in Table 1 . For example, if a project has a drive length of 280 feet, a pipe diameter of 12 inches, and a depth of cover of 21 feet and one of the technically viable methods is Pipe Bursting (Static), then the risk classification will be assigned according to Table 2 . The second category of risk is the assessment of the compatibility of a given construction method with anticipated geological conditions. Geological conditions were divided into ten categories, with soil types been further quantified in terms of the number of blows per foot (as per ASTM D1452-80 (2000)). The geological conditions considered by TAG are: soft cohesive soils (N < 5), firm cohesive soils (5 <N < 15), stiff-hard cohesive soils (N > 15), loose cohesionless soils (N < 10), medium cohesionless soils (10 < N < 30), dense cohesionless soils (N > 30), gravel, cobble and/or boulders, sandstone and bedrock. The compatibility of each construction method with the ten soil classes is designated in the database as either: fully compatible (Y), possibly compatible (P), or incompatible (N). The rules of acceptance or rejection are given below:
1. If one or more of the dominant soil types is considered incompatible (N) with a given method, the method is deemed not permissible and is eliminated from further consideration. 2. If all geological conditions were found to be compatible (Y) with the construction method in question, then the method is considered to be permissible and the associated level of risk is considered to be very low. 3. If all geological conditions were found to be possibly compatible (P) with the construction method in question, then the method is considered to be permissible and the associated level of risk is considered to be very high. 4. If geological conditions were found to be a combination of compatible (Y) and possibly compatible (P) with the construction method in question, then the method is considered to be permissible and the associated level of risk will ranged from very low to very high depending on the percentage of length of the alignment of the possibly compatible soils, as shown in Table 3 . The third category of risk is the SET Index, which takes into consideration the availability of specifications, owner's experience with a given method and the method's track record. Each of these parameters has three possible "values" which are summarized in Table 4 . The risk classification of the SET Index is based on the sum of the score for the three parameters, which is calculated based on the user selected values, which range from a minimum of 3 to a maximum of 9. The associated risk levels are defined in Table 5 . [
1] IRAIN = (LR x w LR ) + (DR x w DR ) + (HR x w HR ) + (SETI x w SET ) + (SCI x w SC ) + (EI x w EI )
Where IRAIN is the initial risk analysis index number, LR is the risk score for length ratio, DR is the risk score for diameter ratio, HR is the risk score for depth ratio, SETI is the risk score for the SET Index, SCI is the risk score for soil compatibility index, and EI is the risk score for environmental impact. The letter 'w' represents a weighting factor and the subscripts w LR , w DR , w HR , w SETI , w SCI and w EI stand for the length ratio, diameter ratio, depth ratio, SET Index, soil compatibility index, and environmental impact, respectively. After computing the IRAIN value, the risk score is adjusted for the degree of site accessibility, with the user selecting one of five site accessibility scenarios (e.g., able to access limited sections only), each associated with a particular gamma value (ranging from -1 to 3). The gamma value and the IRAIN are then substituted into Equation [2] to compute the final risk score.
[2]
RAIN is the risk assessment index number, γ is a factor reflecting the level of access to the area over the installation and the value of Y is given by the following expression.
[3] The Risk Assessment Index Number (RAIN) is the final risk value given by the program for each technically viable method. The final step consists of a form which displays each technically viable method and its RAIN score. The user is then able to make an educated decision about which method is best for their particular project. 
Model Validation
The above described model was validated by comparing its recommendations with the construction method(s) adopted by experienced design engineers for five utility construction projects. The project key attributes (i.e., model's input data) are presented using a table format along with the construction methods selected by the designer and the recommendations provided by the model. All case histories presented herein were completed successfully.
Case History #1: Southside Sewer Relief Program, Edmonton, AB (gravity line) 
Discussion and Conclusions
TAG is a fully computerized algorithm for the evaluation of competing construction methods capable of installing, repairing, or replacing buried pipes and utilities. This approach emphasizes simplicity and practicality, while limiting the input data to that which is readily available to municipal and utility engineers during the design phase via the utilization of an extensive built-in database. A built-in wizard as well as an extensive database is used to assist users who have limited experience with trenchless construction methods.
The model was verified by comparing its predictions with the actual methods utilized in five case histories; each involving a utility construction project completed using a trenchless method in Canada or the United States over the past 10 years. These cases represent a wide range of soil conditions, pipe materials, pipe diameters, construction environments and end uses. In all cases the model identified the method used in the construction project as a viable construction method, and ranked it as either the most or second most preferred method. It is worth noting that in two of the cases (cases #3 and #5) only one method was found to be technically viable, and in one case history (#2) two methods were found to be technically viable. Thus, under many set of circumstances TAG can assist in eliminating non-viable methods and focusing the designer attention on the one or two viable methods, thus conserving costly design and planning times. Furthermore, in projects where there is a relatively large number of suitable construction methods (i.e., case #1); the model was able to distinguish between doable, but risky methods, and low risk methods. The model risk score is an absolute rather than a relative value. Thus, in case history #2 (crossing of the Sacramento River), all options were deemed risky, reflecting the technically complex nature of the project. A high risk assessment for all viable methods can serve as an indicator for the need to retain the services of a specialized design firm and/or the need for more extensive design effort.
Complications in the course of a utility construction project are nearly always attributed, at least partially, to inadequate or incomplete data during the design and bidding phases. By performing TAG's construction methods evaluation procedure the designer earns an appreciation of the type and extent of the needed data and their importance in determining the suitability of various trenchless methods. This alone is a worthy reason to justify the utilization of TAG in every municipality and design office dealing with the installation and rehabilitation of utilities.
One of the reasons for the ability of the software to closely identify the most suitable construction methods for actual projects is the close cooperation between the TTC and the Trenchless Subcommittee of the National Utility Contractors Association (NUCA), which resulted in a successful marriage of proper decision making algorithms and hundreds of years of combined experience in utility construction. Currently the authors are working on an updated version that will consider in addition to the current methods 16 new pipeline rehabilitation methods (manhole-to-manhole and spot-repair).
